Feasibility and Performance Studies of a Semi Active Journal Bearing  by Yogaraju, Raghu et al.
 Procedia Technology  25 ( 2016 )  1154 – 1161 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of RAEREST 2016
doi: 10.1016/j.protcy.2016.08.233 
Global Colloquium in Recent Advancement and Effectual Researches in Engineering, Science and 
Technology (RAEREST 2016) 
Feasibility and Performance Studies of a Semi Active Journal Bearing 
Raghu Yogarajua*, L Ravikumara, G Saravanakumara, C Shravankumara, V Arun Kumarb
aBMS College of Engineering, Bull Temple Road,Bangalore-560019,India 
bDr. AIT, Outer Ring Road,Bangalore-560056,India 
 
Abstract 
In this paper, details related to preliminary efforts made towards developing a novel semi-active journal bearing have been 
presented. The study which is predominantly experimental in nature uses a test rig designed and fabricated for the purpose of 
simulating a multi-lobed journal bearing and also to study the possibility of utilising smart materials for conversion of a circular 
bearing profile to a multi lobed bearing profile during operation. Preliminary experimental studies have indicated that while 
shape memory alloy (SMA) can be used as a medium to apply necessary forces at identified locations to obtain the desired profile
shapes for a multi-lobe bearing configuration facilitating the development of semi active journal bearings, ovality ratios of the
bearing profile under investigation ranging from 1.5 to 2 have been realised by suitable application of direct forces in opposing 
directions. The performance enhancement defined in terms of stiffness and damping of the newly configured bearing equivalent 
to two lobed bearing over the conventional bearing has been studied. The test rig is versatile in nature, with a facility to 
investigate varieties of semi active journal bearings. The study indicates an increase in dynamic stiffness and damping with 
increase in the ovality ratio of the semi-active journal bearings.
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1. Introduction 
Researchers have always felt a need towards development of active journal bearings catering to the online 
changes that might be required in the bearing configuration due to changes in the operating conditions. Improvement 
in load carrying capacity, bearing limitations at higher operating speeds due to critical speeds, unbalance and flow 
induced instabilities are some of the issues that could be addressed with active journal bearings. As an example, it is 
reported that the bearing stability limits increases with the suitable modification in the profile/geometry of the 
bearing.  
Aher et al. [1] observed that there is rise of maximum pressure in the non-cylindrical bearing which 
indicates, that the stability levels of non-cylindrical bearing is higher than plain bearing, both at higher speeds and 
lower speeds. Allaire et al. [2] used preload factor (the equivalent of which is ovality ratio R in the present case) 
which is the ratio of vertical clearance to the actual clearance. The increase in the preload factor makes the fluid film 
to converge and diverge additionally as compared to the conventional one to supress instabilities. Han et al. [3] 
studied the effect of eccentricity and ellipticity. Elliptical bearings are observed to have better dynamic stability. 
Phalle et al. [4] recommended for the proper selection of preload factor value which provides an improved and 
accurate bearing performance by enhancing the values of fluid-film stiffness coefficients. Gao et al. [5] used 
actuators and sensors along with active feedback control to overcome fluid induced instabilities under varying 
operating conditions. Tuma et al. [6] developed a working prototype of active vibration controlled journal bearing 
with movable housing, actuated by two piezoelectric actuators. The journal vibration is observed using proximity 
probes and is controllable using feedback system of the proportional controller type. 
From the literature it is observed that the attempts towards development of semi-active journal bearings are 
scanty. As such, an attempt is made in the present work is to conceptualise, develop and experimentally study the 
performance of a semi-actively controlled two-lobed journal bearing. As a preliminary step, an attempt has been 
made towards development of a semi-active journal bearing test rig, where the profile of the bearing could be altered 
during the bearing operation with a view to realise improved stiffness and damping parameters as necessitated 
during the operation. 
2. Experimental test rig 
The study in the present work, which is predominantly experimental in nature, necessitates a test facility. 
The experimental study involves conducting experiments in a dedicated versatile test rig, designed and fabricated for 
the purpose. The methodology basically involves converting an existing geometrically rigid profile of journal 
bearing into a geometrically flexible profile. The desired profile of the bearing is obtained by the application of 
forces generated by loading pins at suitable locations (alternatively, SMA can be used to generate the required forces 
towards realising a semi active journal bearing).  
Nomenclature 
R ovality ratio
dh Radial deformation in horizontal direction, mm 
dv Radial deformation in vertical direction, mm 
t Thickness of the flexible ring/housing, mm 
C Nominal clearance of un-deformed flexible ring, mm 
SMA Shape Memory Alloy 
 Synchronous dynamic stiffness 
 Unbalance force vector 
 Response vector due to trial mass 
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The experimental study involves conducting experiments in a dedicated versatile test rig, designed and 
fabricated for the purpose. The test rig basically includes a horizontally configured shaft supported on the test 
bearing, driven by suitable motor. The test journal bearing, which is of semi-active type, consists of a thin concentric 
cylinder (shim) surrounding the shaft, in between which a thin oil film (VG68 with kinematic viscosity 66-70 cSt at 
40o C) exists and this circular shim is connected to the housing through a few non rigid and rigid locations. The 
thickness of the shim is selected in such a way, that it does not under go any appreciable deformations because of 
the forces generated in the bearing, but the profile of which could be altered by the necessary forces generated 
externally (through loading pins as in this case or through a smart material from feedback control point of view). 
The non-rigid locations will be used to apply the desired level of force with the help of loading pins (or alternatively 
using smart materials like, SMA for the purpose of realising active journal bearings). The instrumentation essentially 
includes measurement of operating and response parameters which are used to quantitatively evaluate bearing 
parameters defined in terms of dynamic direct stiffness, dynamic quadrature stiffness, damping and the performance 
of the bearing defined essentially in terms of the shaft vibrations. The experimental study is parametric in nature, 
covering a wide range of operating parameters suitable for a typical steam turbine journal bearing. 
3. Feasibility study of SMA in semi-active journal bearing 
The methodology used for feasibility study of SMA in the semi-active journal bearing includes the following: 
Numerical and experimental measurement of forces on the flexible shim to attain required ovality ratios for a               
two-lobed journal bearing; Experimental measurement of forces generated by a SMA wire subjected to DC voltage. 
3.1 Numerical and experimental study on ovality ratio of flexible shim
Finite element analysis is performed to determine the load required to convert a circular flexible shim into an 
elliptical shim for obtaining two-lobed journal bearing profile. The ovality ratio R (Eq. (1)), is defined as the ratio of 
actual nominal clearance in horizontal direction (C+dh) to the actual nominal clearance in vertical direction (C-dv). 
Here, C is nominal clearance, dh and dv are radial deformations in horizontal and vertical directions. For the present 
bearing, C is 200 micrometers. 
         C dhR
C dv
 

                       (1) 
                                  
    
                                            Fig. 1. Deformed flexible Ring                                      Fig. 2. Test rig for loading circular shim   
Flexible shims (nominal diameter 40 mm) of three different thicknesses (0.5 mm, 0.75 mm and 1 mm) are 
analysed using finite element analysis software to measure the deformations (and hence resulting ovality ratios) as a 
function of applied forces. The circular shims are modelled and meshed using plane 182 element having Young’s 
modulus as 200GPa and Poisson’s ratio as 0.3. Shim is fixed at one point and the applied load was varied at an 
opposite point for each case of shim thickness. Numerical measurements of deformation are obtained. 
Subsequently, experiments are conducted in a test rig (Fig. 2.) facilitated with the arrangement for loading 
Movable jaw 
Load cell 
Circular shim 
Fixed jaw 
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an annular ring to a desired level and monitoring the deformation in vertical and horizontal direction. Typical 
annulus ring of 40 mm nominal diameter with three different thicknesses were subjected to different levels of 
loading and corresponding deformation in horizontal and vertical direction were measured in order to evaluate the 
ovality ratio from the measured data.  
3.2 Experimental measurement of forces generated by a SMA wire 
An SMA calibration test rig (Fig. 3.) was designed and fabricated for the purpose of experimentally 
measuring the forces that could be generated by a typical SMA wire. In this way, the suitability of SMA for 
realisation of active journal bearing (to obtain a two-lobed bearing profile) is verified. The test rig essentially 
consists of a rigid rectangular bracket in which arrangements are made to mount the SMA wire using a T-bracket as 
shown in Fig. 3. The position of the T-bracket could be varied in order to obtain desired level of preload exerted by 
a rigid stopper mounted to the rigid bracket through load cell. Facilities are provided to subject the SMA wire to an 
electrical stimulation controlled through desired voltage level. Experiments were conducted for two levels of 
preloading (No preload and 8 N preload conditions). Forces generated by SMA wire as a function of DC excitation 
voltage were obtained. Repeatability of the experimental results was performed. 
4. Experimental evaluation of dynamic stiffness and damping of semi-active journal bearing for different 
ovality ratios 
For evaluation of dynamic stiffness and damping, the following measurements are obtained from test 
bearing (Fig. 4.). The displacement time history and phase information using an eddy current probe (Monitran Ltd.) 
& tachometer probe signal. A reflecting tape attached on the rotor such that the tacho probe senses the passage of 
projection for every rotation of the shaft. The tacho probe delivers a pulse at the leading edge of the projection. This 
position is taken as the 00 reference for phase measurement. The time delay between the reference position and the 
peak of the displacement signal is calculated at the spin speed of the rotor. This time delay is used to obtain the 
phase angle of displacement signal with reference signal. 
Synchronous Dynamic stiffness is defined as the ratio of the applied force vector to the displacement vector 
of the rotor system [7].  It is given as 
DS
FK
R
 
GG
G           (2) 
 2uF mr Z G G      (3) 
   2 j 1DSK K M DZ O Z   G          (4) 
Here, m is the unbalance mass, ru is the unbalance radius and Ȧ is the speed of rotation. j 1  ; M is the rotor 
1
2
3
4
5
Fig. 3. Photograph of SMA calibration test rig (1) variable 
power supply (2) Load cell indicator (3) Support frame (4) 
Load cell (5) SMA test wire 
Fig. 4. Semi-active journal bearing test rig 
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mass, K is the radial direct stiffness, D is the damping and Ȝ is the fluid circumferential average velocity ratio. The 
real part gives the direct dynamic stiffness (implies how far the rotor moves in the direction of applied force) and the 
imaginary part gives the quadrature dynamic stiffness (implies how far the rotor moves orthogonal to the applied 
force).    
    The procedure for evaluation of stiffness and damping parameters is as follows: (i) the rotor is run at selected spin 
speed (ii) Reference data: the magnitude and phase of the displacement response is obtained for the case of residual 
unbalance in the rotor at the selected spin speed (iii) Response vector due to trial mass and residual unbalance: A 
trial mass (2 gm) is attached to the rotor disc at a known radius (27.5 mm) which subjects the rotor to once per 
revolution unbalance force excitation. For this case, the magnitude and phase of the displacement response (due to 
residual as well as trial mass unbalance at the same spin speed) is obtained (iv) Response vector due to trial mass 
alone: From steps ii and iii, the magnitude and phase of displacement vector only due to trial mass is obtained. This 
gives R
G
(vi) F
G
is calculated (vii) Synchronous dynamic stiffness ( DSK
G
) is obtained as explained above. Its real part 
gives the direct dynamic stiffness ( DK ) and the imaginary part gives the quadrature dynamic stiffness ( QK ) (viii) 
damping is obtained from the quadrature dynamic stiffness.  
5. Results and discussions 
In this section, results for feasibility study of SMA in semi-active journal bearing are presented.      
5.1 Feasibility study of SMA in semi-active journal bearing 
The results pertaining to the finite element analysis of the circular shim to estimate the load requirement for the 
desired ovality ratio, the typical load levels that could be generated by an SMA wire as a function of excitation & 
preload and the actual resulting deformation of the circular ring as a function of applied load are discussed in the 
following. 
Fig. 5. shows the radial deformation of the circular shim (obtained from finite element analysis) in horizontal 
and vertical directions as a function of applied load. It is observed from Fig. 5. that the deformation in vertical 
direction is greater than the deformation in horizontal direction which influences the variation in ovality ratio as a 
function of load. It can also be observed that the difference in the deformation in vertical and horizontal direction 
reduces as the shim thickness increases. Fig. 6. shows the ovality ratio as a function of applied load for shims of
three different thicknesses t as mentioned in section 3. The ovality ratio is obtained using Eq. (1). From Fig. 6. it is 
observed that the load required for obtaining an ovality ratio ranging between 1.5 to 2 (referred as near optimal to 
two-lobed journal bearing profile), is as low as, less than 10 N for a shim thickness of 1 mm. It is lesser for shims of 
lower thicknesses.  
           Fig. 5. Deformation of the circular shim under loads applied                Fig. 6. Ovality Ratio of the shim corresponding to the load applied 
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Fig. 7. Experimental deformation of the circular shim             Fig. 8. Ovality Ratio corresponding to experimental deformation
The shim radial deformation in horizontal and vertical directions as a function of load (obtained from test 
rig for loading circular shim Fig. 2.) is graphically shown in Fig. 7. Fig. 8. shows variation of ovality ratio 
(corresponding to experimentally obtained deformations) as a function of load for different thicknesses.  It can be 
seen from Fig. 5. and Fig. 7. that there is a reasonably good agreement between numerical and experimental results. 
Similar agreement is observed from Fig. 6. and Fig. 8. 
5.2 Experimental measurement of forces generated by a SMA wire 
Typical results pertaining to the load generating capability of SMA wire of 0.7 mm diameter is graphically 
shown in Fig. 9. They clearly indicate the load levels that are generated by SMA wire as a function of excitation 
voltage. As mentioned earlier, experiments were conducted for two levels of preload (No preload and 8 N preload 
conditions). Several trials were conducted in order to observe the repeatability. It is observed that loading levels of 
the order of around 25 N (for 8 N preload) could be generated which is more than sufficient as compared to the load 
required to realize the desired ovality ratio for multi-lobed bearings. This effort has indeed clearly indicated the 
possibility of developing semi-active/active journal bearings using smart materials.  
Fig. 9.  Load generated by a typical SMA wire (WPL – With preload; WOPL – Without preload) 
5.3 Experimental evaluation of dynamic stiffness and damping for different ovality ratios 
The procedure explained in section 4 is used to obtain the direct dynamic stiffness, quadrature dynamic 
stiffness and damping parameters. Fig. 10 (a-c) shows the results for synchronous perturbation i.e. dynamic 
stiffness, quadrature dynamic stiffness and damping as a function of speed. The experiments are carried out below 
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first critical speed of the rotor-bearing system. From Fig. 10. it is observed that the dynamic stiffness and damping 
parameters increase with increase in the rotor spin speed. Also, by changing the ovality ratio (i.e. for two-lobed 
bearing profile R = 1.5 and R = 1.75), the dynamic stiffness and damping parameters are high compared to the case 
of R = 1 (i.e., conventional circular journal bearing profile). The results prove the dynamic stiffness and damping 
parameters can be semi-actively increased in a journal bearing, by varying the ovality ratio of the flexible shim. 
(a)      (b)
(c) 
Fig. 10. (a) Direct dynamic stiffness versus speed (b) Quadrature stiffness speed versus speed (c) damping versus speed 
6. Conclusions 
A feasibility study has been performed for developing a semi-active journal bearing using shape memory 
alloy. The study has indicated that smart material (in this case SMA) can be used to generate required level of 
loading to realize desired range of ovality ratio for the purpose of converting a circular conventional journal bearing 
to an elliptical journal bearing with desired ovality ratio. The experiments are conducted for different ovality ratio of 
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semi-active journal bearing to estimate the synchronous dynamic stiffness and damping parameters for synchronous 
perturbation. It can be concluded that higher ovality ratio obtained results in increase of synchronous dynamic 
stiffness and damping and thereby the performance of the journal bearing. Further, stability performance of the 
journal bearing at higher spin speeds needs to be studied. 
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